Purpose: We report the case of an 11-year-old boy with posterior microphthalmos who exhibited normal and age appropriate development of visual acuity. Observations: At the initial diagnosis, when he was 3 years old, the best-corrected visual acuity (BCVA) was 20/ 125 in the right eye (OD) and 20/200 in the left eye (OS) with high hyperopia (cycloplegic refraction +15.75 D sphere OD and +16.25 D sphere OS). Eight years after he began wearing hyperopic glasses, BCVA was 20/16 OD and 20/20 OS. Optical coherence tomography did not reveal a foveal pit in either eye throughout the observation period. However, elongation of the outer segment and widening of the outer nuclear layers were observed. Conclusion and Importance: Many cases of posterior microphthalmos demonstrate subnormal BCVA due to an abnormal foveal structure (papillomacular retinal folds, absence of the foveal pit and avascular zone) and high hyperopia. However, if foveal maturity progresses, even if the foveal structure is abnormal, early aggressive amblyopia treatment can result in normal and age appropriate development of visual acuity.
Introduction
Posterior microphthalmos (PM) is a rare type of microphthalmos that disproportionately affects the posterior ocular segment with a normal appearing anterior ocular segment. 1 Several cases of PM have been reported. [1] [2] [3] [4] The principle findings of PM are high hyperopia and papillomacular retinal fold. In recent reports, biometric and molecular PM investigations have been performed, and the characteristics of PM have been described. 5, 6 In these previous reports, PM was associated with subnormal visual acuity, and best-corrected visual acuity (BCVA) ranged from 20/25-20/200 1−6 . We examined a child with PM who exhibited normal and age appropriate visual development after eight years after the diagnosis and the case is discussed.
Case report
A 3-year-old boy presented to Toyama University Hospital (Toyama, Japan) with decreased vision in both eyes. There was no family history of ocular disease and his medical history was unremarkable. His physical and intellectual development were normal. BCVA was 20/125 in the right eye (OD) and 20/200 in the left eye (OS). Examination revealed high hyperopia (cycloplegic refraction +15.75 D sphere OD and +16.25 D sphere OS) and reduced total axial length (15.26 mm OD and 15.01 mm OS) as measured using an optical biometer. The patient had normal alignment, motility, and convergence testing. The eyes were deeply set but otherwise normal. Biomicroscopy findings from the anterior segment findings were unremarkable. The corneal powers were 50.8 D OD and 51.7 D OS. The central corneal thickness was 553 μm OD and 551 μm OS. The anterior chamber depth was 2.56 mm OD and 2.52 mm OS. The horizontal corneal diameter was 11.0 mm in both eyes. Posterior segment examination revealed bilateral elevated horizontal papillomacular retinal folds (Fig. 1) . In macular spectral-domain optical coherence tomography (SD-OCT), there was no foveal pit in either eye (Fig. 2) . Unlike normal fovea, all layers of the retina were present in the fovea. The folding included all layers of the neurosensory retina, except for the external limiting membrane and the photoreceptor layer. The patient was diagnosed with posterior microphthalmos and ametropic amblyopia. He was prescribed full cycloplegic hyperopic glasses to be worn full time. He was regularly examined in our hospital. His BCVA had developed gradually and reached to 20/20 in both eyes at age nine.
At age (Figs. 3 and 4) . There was no foveal pit in either eye throughout the observation period. However, elongation of the outer segment and widening of the outer nuclear layers (ONLs) were observed. Optical coherence tomography angiography (OCTA) did not clearly reveal a foveal avascular zone (FAZ) (Fig. 5) . The patient could not be examined using multifocal electroretinography (mfERG) because his narrow conjunctival sacs precluded the patient from wearing contact lenses during mfERG.
Discussion
The principle findings of PM include high hyperopia and papillomacular retinal folds. In recent reports, biometric investigations of PM have been characterized and the details have been described. 5, 6 The biometric findings and data from the present case were highly consistent with these reports. In previous studies, PM was associated with poor visual acuity, with BCVA ranging from 20/200 to 20/25 1−6 . Furthermore, in most PM patients with no complications, vision development failed even with continued refractive correction during childhood. 5 Vision impairment in PM is caused by high refractive amblyopia, absence of the foveal pit, papillomacular retinal folds, and other complications (uveal effusion, pigmentary retinopathy, chorioretinal folds). 1, 5 However, the remarkable finding in our case was the normal and age appropriate development of BCVA. There is little doubt that diagnosis at an early age and appropriate amblyopia treatment in this case facilitated the development of normal and age appropriate visual acuity. A previously reported case of PM achieved normal and age appropriate visual development due to amblyopia treatment from an early age. 4 This emphasizes that poor visual development is not necessarily due to the lack of a foveal pit, but to foveal immaturity, especially the outer retina and refractive amblyopia. OCT bands typical of adult fovea photoreceptors are absent near birth due to immaturity of the foveal cones but develop by 24 months and mature during childhood. 7 The foveal structure in the present case was comparable with the structural grading of foveal hypoplasia described by Thomas et al.. 8 This grading was based on the presence or absence of a foveal pit, widening of the ONLs, and extrusion of plexiform layers and elongation of the outer segment. According to this grading, the present case would be classified as grade 2 given the absence of extrusion of plexiform layers, absence of a foveal pit, presence of outer segment lengthening, and presence of ONL widening. Thomas et al. 8 suggested that structural grading helps to provide a prognostic indicator for visual acuity. Grade 1 represents extremely good vision, and visual outcomes will become poorer as the grade increases.
On the other hand, Provis et al. 9 and Marmors et al. 10 reported that an anatomical foveal recess is not necessarily required for better visual acuity (BCVA ranged from 20/20 − 20/50 in the study by Marmors et al.
10
) and the reaction found in cone cell density at the fovea in adaptive optics (AO) and mfERG is important. In this case, however, cone cell density in the patient could not be counted with AO poor image due to his high hyperopia and poor fixation. In addition, the patient could not be examined using mfERG because he could not wear contact lenses of during the procedure due to his narrow conjunctival sac. Previous studies of FAZ characteristics in patients with nanophthalmos, using OCTA, reported that nanophthalmic FAZ was an unmeasurably small size. 11, 12 In our patient, FAZ in both eyes was not revealed using OCTA as in previous studies. Due to the presence of a relatively mature outer retinal structure and function, even without a foveal pit, it was suggested that vision in this case was likely to have developed due to photorefractive treatment from an early age. The patient described in this report is still a child; therefore, he will be carefully observed to determine if his current vision can be maintained. Appropriate refractive correction and diagnosis from an early age are important despite the presence of PM. In addition, a detailed observation of the foveal structure and function are helpful in predicting visual acuity prognosis of patients with PM.
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